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Description 

piFinOFTHE INVENTION 

5 This invention relates to processes using catalysts with certain transition metal compounds from G™'* 'V ^ d fte 
Periodic Table of Elements, and an alumoxane tor the production of polyoleflns. particular y o-dlefm oopohmers eth- 
ylene having a high molecular weight. The catalyst system is highly active at low ratios of aluminum to the Group IV B 
transition metal, hence catalyzes the production of a polyolefin product containing low levels of catalyst residue. 

10 RAr.KfiROUND DP THF INVgNTION 

AS is well known, various processes and catalysts exist for the homopdymerization or '=°P^y^^'^f^^^ 
For many applications it is of primary importance forapolyolefin to haveahigh weight average mo^^^^ 
having a relatively narrow molecular weight distribution. A high weight average molecular weight, when accompany 
by a narrow molecular weight distribution, provides a polyolefin or an ethylene-a-olefin copolymer with high strength 

"'"^TrSonal Ziegler-Natta catalyst systems - a transition metal compound oocatalyzed by analw^^ alkyi - are 

capable of producing polyoleflns having a high molecular weight but a broad molecular weight distribuhon 

More recently a catalyst system has been developed wherein the transition metal compound h^ 
cydopentadienyl ring ligands. such transition metal compound being referred to as a metallocene -- which catalyzes the 
S^SSn ofTef in SvLners to polyolefins. Accortingly. metallocene compounds of the Group IV B metals, particu- 
lariy. titanocene and zirconocene. have been utilzied as the transition metal component in such "^^^ 
ing Catalyst system for the production of polyolefins and elhylene-«-olefin copolyme^ Ti"J"«t^ ie ^ 
ca:atelyzed with an aluminum alkyI - as is the case wHh a traditional type Ziegler-Natte catelyrt system - the catalyst 
25 activity of such metallocene catalyst system is generally too low to be of any commercial interest 

It has since become known that such metellocenes may be cocatelyzed with an alumoxane - rather tttan an alu- 
minum alkyI "to provide a metallocene catalyst system of high activity which catalyzes «ie production o« Pol^e^"S_^ 

A wide variety of Group IV B transition metal compounds of the metallocene type have "efn named as posaUe 
candidates for an alumoxane cocatelyzed catalyst system. Hence, although bisCojclopentedienyl) ^[^"P^B J^^T 
metelcompoundshavebeenthe mostpreferredand heavily investigated type ^^^J^^^^J^^^^ 
moxane catalyst for polyolefin production, suggestions have appeared that mono and t"s^ydoP/'^'«"y'] ^^^^^ 
SicompoSs nSSso be useful. See. for exanple. U.S. Patent Nos. 4.522.982; ^^^O-^^* ^^J^^^Oif;,^ 
mono(cyclopentadienyl) transition metal compounds as have heretofore been suggested as candidates for a metal- 

locene/alumoxane catalyst are mono(cyclopentadienyl) transition metal trihalidw and tnaJMs- 

More recently International Publication No. WO 87/03887 has appeared which descnbes the use of a compositon 
comprising a transition metal coordinated to at least one cydopentadienyl and at least one 

allege type component fbr use in a metallocene/alumoxane catalyst system fbr a-o\ehn polymerization. The impo- 
sition is b^ittlly dSined as a transition metal, preferably of Group IV B of the Periodic Table which is coordinated with 
at least one cydopentadienyl Kgand and one to three heteioatom ligands. the balance of the coordination requirement 
being satisfied with cydopentadienyl or hydrocaibyl ligands. The Ji^'^'y^^y^^^ 
illusfrated solely with reference to transition metal compounds whldi are bi8(cydopentedienyO Group IV B transiton 

"^^'^"^mMwnteoem at the Third Chemical Congress of North America held in Toronto. Canada in June 1988. J*" 
Bercaw reported upon efforts to use a compound of a Group III B transition metal coordinated to a single cydopentadi- 
enyl heteroatom bridged ligand as a catalyst system for the polymerization of olefins. Although some catalytc activity 
was observed under the conditions employed, the degree of activity and the properties observed in fie rwulting poly- 
mer product were discouraging of a belief that sud> transition metal compound could be usefully enployed for commer- 
cial polymerization processes. „ , „^ 
EP 416815 discloses monocyclopentedienyl derivatives for olefin polymensation as well as polymerisaUon proc- 
esses using such derivatives EP 416815 daims the priority of US 401345 whidi disdoses a Omited range of monocy- 
clopentedienyl compounds and a limited choice of monomer combinations. ^. .J . 

A thesis by Mr. KOkenhflhner of the University of Martjurg discusses the synthesis of monocylopentadiervl deriva- 
tives of titanium having diloride ligand and a three membered caibon bridge between an oxygen atom tended to the 
titanium and the cydopentadienyl moiety. There is no mention of using the compound fbr polymerising olefins. 

Aneed still existe for discovering catalyst systems that pennit the production of higher molecuter weight polyolefins 
and desirably with a narrow mdecular weight distribution. 
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fitimmarvofthe invention 



The invention provides a process for olefin polymerization, comprising polymerising ethylene and a monomer 
selected from C3-C20 a-olefin or a C5-C20 dioiefin in the presence of a catalyst system comprising (A) a compound of 
5 the general formula: 
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vwherein M is Zr, Hf or Ti; ii>,E<4<»Mt 
(CsH5.«.,RJ isacydopentadienyl ring which Is substituted wfth from zero tofwe groups R. x is 0. 1.2 3 4 or 5denot- 
ing ttw^egree of substitulion. and each R is. independently, a radical selected from a group consistng of Cj-Cao hydro- 
carbyl radicals, substituted C, -Cjo hydrocarbyl radicals wherein one or more hydrogen atonis is replaced by a hatogen 
atom, CrCzo hydrocarbyl-substituted metalloid radicals wherein the metaBoid is selected from the Group IV A of the 
Periodic Table of Elements and halogen radicals; « ,« ^ 

(JR-, 1 „) is a heteroatom ligand in which J is an element with a coordination number of three from Group VA or an ele- 
mer^ with a coordination number of two from Group VI A of the Periodic Table of Elemente, each R-js. '"deporxlenfly 
a radical selected from a group consisting of C,-C2o hydrocarbyl radicals, substituted C.-C^o "^^^'^^ 
wherein one or more hydrogen atoms is replaced by a halogen atom, and "z" 'sthe coordmation number rf tt^^^^^ 
J: each Q or Q' is. independently, halogen, hydride or a substituted or unsubstituted Ci-Cao hydrocarbyl a^koxide. ary- 
loxide. amide, arylamide. phosphide or arylphosphide provided that where Q or Q' te a hydrorarbyl sii* Q or Q « drf- 
ferentfrom CsHs-y-xfix orboth Q and Q' together are an alkytidene or cydometallated hydrocarbyl and M has the same 

meaning as M; . . ^ 

V is 0 or 1 when w is greater than 0; y is 1 when w is 0. when "y" is 1 . B is a covalent bridging group containing a Group 
IV A or V A element; and L is a neutral Lewis base where "w" denotes a number from 0 to 3 and (B) an alumoxane wrth 
the exclusions of: 

i) polymerizing ethylene and vinyl aromatic monomer; and 

B) where the compound (A) is (N-t-butylamino)(dimethyO(ii5-2.3.4.5-tetramethylcydopentadienyl)8ilane zirconium 
dichloride, polymerizing etiiylene and 1 -hexene or 4-methyl-1 -pentene. 

The catalyst system of this invention comprises a transition metal component from Groi^ IV B of the Periodic Table 
of the Elements rr.Rr. Handbook of Chemistry and Phvsicg . 681h ed. 1987-1988) and an ""jf""? 
ss may be employed in solution, slurry or bulk phase polymerization procedure to produce a polyolef in of high weight aver- 
age molecular weight and relatively nanow molecular weight distribution. 
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The 'Group IV B transition metal component" of the catalyst system is represented by the general formula: 




wherein- M is Zr. HI or U (usually in its highest formal oxidation state. 44. <f complex): (C5Hs.y.xRx) ie a cydopentadi- 
enyl ring wtiidi is substituted with from zero to five substituent groups R. V is 0. 1 . 2. 3. 4 or 5 denoting ttie degree of 
substitution, and each substituent group R is. independently, a radical selected from a group consisUng C1-C20 hydro- 
caibyl radicals substituted C,-C20 hydrocatbyl radicals wherein one or more hydrogen atoms is replaced by a halogen 
atom Ci-Cm hydrocaibyl-substituted metalloid radicals wherein the metalloid is selected from the Group IV A of the 
Periodic Table of Hements. and halogen radicals «C5H5.y.xRx) may be a cydopentadienyl ring in which two adjacent 
R-groups are joined forming C4-C20 ring tb give a saturated or unsaturated polycyclic cydopentadienyl ligand such as 
indenyl.tetrahydroindenyl.fluorenyloroctahydrofluorenyl) _^ . ^ ...^ 

(JR' , ) is a heteroalom ligand in which J is an element with a coordination nunf4)er of three from Group V A or 

an element ««h a cooidination number of two from Group VI A of the Periodic Table of Hements. prelferably nitrogen, 
phosphorus, oxygen or sulfur, and each R" is. independently a radical selected from a group consisting of CrCzo hydro- 
caibyl radicals, substituted Ci-Ca hydrocaibyl radicals wherein one or more hydrogen atoms is replaced by a halogen 
atom, and "z" is the coordination number of the element J; 

each Q may be ind^ndently any univalent anionic ligand such as halogen, hydride, or substituted or unsubsti- 
tuted C1-C20 hydrocatbyl. alkoxide. aryloxide. amide, arylamide. phosphide or arylphosphlde. provided that where aiv 
Q is a hydrocaibyl sudi Q is different from (C5H5.y.,RJ. or both Q together may be an alkylidene or a cydometallated 
hydrocartsyl or any other divalent anionic chelating ligand. . 

V is 0 or 1 when w is greater than 0; y is 1 when w is 0; when "y" is 1 , B is a covalent bndging group containing 
a Group IV A or V A element such as. but not limited to, a dialkyl. alkylaryl or diaryl silicon or germanium radical, alkyi 
or aryl phosphine or amine radical, or a hydrocaibyl radical such as methylene or ethylene (see column 1 T^le 1): 

L is a Lewis base such as diethylether. tetraelhylammonium chloride, tetrahydrofuran. dimethylaniline. aniline, tn- 
mettwlphosphine. and Q-butylamine. : and "w" is a number from 0 to 3: L can also be a second transition metal com- 
pound of the same type sudi that the two metal centers M and M' are bridged by Q and Q'. wherein W has the same 
meaning as M and Q' has the same meaning as Q. Such compounds are represented by the fomuila: 
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The alumoxane component of the catalyst may be represented by the formulas: (R2-AI-0)„,: R^{R*-AI-0)m-AIR or 
mixtures thereof, wherein R^-rS are. independently, a univalent anionic ligand such as a CyCs alkyI group or halide and 
"m" Is an integer ranging from 1 to 50 and preferably is from 13 to about 25. 
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Catalyst systems of the Invention may be prepared by placing the -Group IV B transition metal component" and the 
alumoxane component in common solution in a normally liquid alkane or aromatic solvent, which solvent is preferably 
suitable for use as a polymerization diluent for the liquid phase polymerization of an olefin monomer. 

A typical polymerization process of the invention such as for the copolymerizalion of olefins comprises the steps of 
5 contacting ethylene with other unsaturated monomers including C3-C20 a-olefins or C5-C20 diolefins, 

either alone or in combination with other olefins and/or other unsaturated monomers, with a catalyst comprising, in a 
suitable polymerization diluent, the Group IV B transition metal component illustrated above: and a methylalumoxane 
in an amount to provide a molar aluminum to transition metal ratio of from 1 :1 to 20,000:1 or more: and reading such 
monomer in the presence of such catalyst system at a temperature of from -1 OO'C to 300'C for a time of from 1 second 
10 to lOhourstoproduceapolyolefin having a weight average molecular weight of from 1,000 or less to 5.000.000 or more 
and a molecular weight distribution of from 1.5 to 15.0. 

Lower molecular weight species may be produced by using catalyst species of reduced activity: higher tempera- 
tures and/or tiie use of transfer agents such as hydrogen. . . u ^ 
Exemplary hydrocarbyl radicals for the Q (and Q*) are methyl, ethyl, propyl, butyl, amyl. isoamyl. hexyl. isobutyl. 
15 heptyl, octyl. nonyl. decyl, cetyl, 2-ethylhexyl. and phenyl witii methyl being preferred. Exemplary halogen atoms for Q 
and Q' include chlorine, bromine, fluorine and iodine, with chlorine being preferred. Exemplary alKoxIdes and aryloxides 
for Q and Q' are methoxide. phenoxide and substituted phenoxides such as 4-methylphenoxide. Exemplary amides for 
Q and Q' are dimethylamide. diethylamide, methylethylamide. di-t-butylamide. and diisopropylamide. Exemplary aryl 
amides are diphenylamide and any other substituted phenyl amides. Exemplary phosphides for Q and Q' are diphenyl- 
20 phosphide, dicydohexylphosphide, diethylphosphlde, and dimethylphosphide. Exemplary alkyldiene radicals for Q and 
Q togettier are methylldene. ettiylidene and propylidene. Examples of the Q and Q' groups which are suitable as a con- 
stituent group or element of the Group IV B transition metal component of the catalyst system are identified in Column 
4 of Table 1 under tiie heading "Q". 

Suitable hydrocartsyl and substituted hydrocarbyl radicals, which may be substituted as an R group for at least one 
25 hydrogen atom in tiie cydopentadienyl ring, will contain from 1 to 20 carbon atoms and indude st^ight and branched 
alkyl radicals, cydic hydrocarbon radicals, alkyl-substituted cyclic hydrocaibon radicals, aromatic radicals, alkyl-substi- 
tuted aromatic radicals and cydopentadienyl rings containing 1 or more fused saturated or unsaturated nngs. Suitable 
organometallic radicals, which may be substituted as an R group for at least one hydrogen atom In the cydopentadienyl 
ring indude frimettiylsllyl. trlettiylsilyl. ettiyldimethylsilyl, methyldiettrylsilyl, triphenylgermyl and trimethylgermyl. Exam- 
30 pies of cydopentadienyl ring groups (C5H5.y.xRx) which are suitable as a constituent group of tiie Group IV B transition 
metal conponent of tite catalyst system are identified in Column 2 of Table 1 under the heading (C5H5.y.xRx)- 

Suitable hydrocarbyl and substituted hydrocartayl radicals, which may be substituted as an R' group for at least one 
hydrogen atom In the heteroatom J ligand group, wUl contain from 1 to 20 carbon atoms and indude straight and 
branched alkyl radicals, cydic hydrocarbon radicals, alkyl-substituted cyclic hydrocarbon radicals, aromatic radicals 
35 and alkyl-substituted aromatic radicals. Exanfiples of heteroatom ligand groups (JR'z-i.y) which are suitable as a con- 
stituent group of the Group IV B transition metal component of the catalyst system are identified in Column 3 of Table 

1 under ttie heading (JRVi-y)- , , * • * 

Table 1 depicts representative constituent moieties for ttie "Group IV B transition metal component , the list is for 
illustrative purposes only and should not be construed to be limiting in any way. A number of final components may be 

40 formed by permuting all possible combinations of ttie constituent moieties witti each other. Illustrative compounds are: 
dimetiiylsilyttetramettiylcydopentadienyl-lgd-butylamido zirconium dichloride, dimetiiylsilyltetramethylcyc- 
lopentadienyi-lfifl-butyiamido hafnium dichloride. dimethylsilyl-lfid-butylcyclopentadienyl-led-butylamido zirconium 
dichloride dimethylsilyl-lgri-butylcydopentadienyl-led-butylamido hafnium dichloride. dmettiylsilyltrimethylsilylcy- 
dopentadienyl-tefl-butylamido zirconium dichloride. dimethylsilyltetramettiylcydopentadienylphenylamido zirconium 

45 dichloride, dimettiylsilyltetramethylcyclopentadienylphenylamldo hafnium didilorkJe. mettiylphenylsilyltetramethyl- 
cydopentadienyl-tfid-butylamido zirconium dichloride. metiiylphenylsilyltetrametiiylcydopentadienyl-lfid-butylamido 
hafnium dichloride. methylphenylsilyltetramettiylcyclopentadienyl-tfiil-butylamido hafnium dimetiiyl, dimettiylsilylte- 
tramethylcyclopentadienyl-p-n-butylphenylamido zirconium dichloride. dimettiylsllyltetramethylcyclopentadienyl-p-n- 
butylphenylamido hafnium dichloride. For Illustrative purposes, ttie above compounds and ttiose permuted from Table 

60 1 does not indude the Lewis base ligand (L). The conditions under which complexes containing Lewis base ligands 
such as ettier or ttiose which form dimers is determined by the steric bulk of the ligands about ttie metal center. For 
example, ttie t-butyl group in Me2SI(Me4C5)(N-l-Bu)2rCl2 has greater steric requirements ttian ttie phenyl group in 
l^e2Si(Me4C5)(NPh)ZrCl2 • Et20 thereby not permitting ether coordination in the former compound. Similarly, due to ttie 
decreased steric bulk of ttie trimethylsilylcydopentadienyl group in [Me2SI(Me3SIC5H3)(N-t-Bu)ZrCl2]2 versus ttiat of 

ss ttie tetramethylcyclopentadienyl group in Me2SI(Me4Cs)(N-l-Bu)2rCl2. the former compound is dimeric and ttie latter is 
not 
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Generally the bridged species of the Group IV B transition metal compound (Yal) are preferred. These com- 
pounds can be prepared by reacting a cydopentadienyl lithium compound with a dihalo compound whereupon a lithium 
halide salt Is liberated and a monohalo substituent becomes covalentiy bound to the cydopentadienyl compound. The 
80 substituted cydopentadienyl reaction product is next reacted with a lithium salt of a phosphide, oxide, suHide or 
amide (for the sake of Illustrative purposes, a lithium amide) whereupon the halo element of the monohalo substituent 
group of the reaction product reads to liberate a lithium halide salt and the amine moiety of the lithium amide salt 
becomes covalentiy bound to the substituent of the cydopentadienyl readion produd. The resulting amine denvative 
of the cyclopentadienyi produd is then rearted with an alkyl lithium reagent whereupon the labile hydrogen atoms, at 
the carbon atom of the cyclopentadienyi compound and at the nitrogen atom of the amine moiety covalentiy bound to 
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the substituent group, react with the alkyi of the lithium alkyi reagent to liberate the alkane and produce a dilithium salt 
of the cydoperrtadlenyl compound. Thereafter the bridged species of the Group IV B transition metal compound is pro- 
duced by reacting the diWhium satt cydopentadienyl compound with a Group IV B transition metal preferably a Group 
IV B transition metal halide. 

5 Unbridged species of the Group IV B transrtion metal compound can be prepared from the reaction of a cydopen- 
tadienyl lithium compound and a lithium salt of an amine with a Group IV B transition metal hallde. 

Suitable, but not limiting. Group IV B tradition metal compounds which may be utilized in the catalyst system of 
this invention indude those bridged spedes wherein the B group bridge is a dialkyl. diaryl or alkylaryl silane, or 
methylene or ethylene. Exemplary of the more preferred species of bridged Group IV B transition metal compounds are 

10 dimethylsilyl. methylphenylsilyi. diethyisilyi. ethyiphenylsiiyi, diphenylsilyl. ethylene or methylene bridged compouncte. 
Most preferred of the bridged spedes are dimethylsilyl. diethylsilyl and methylphenylsilyi bridged compounds. 

Suitable Group IV B transition metal compounds which are illustrative of the unbridged (Y=0) spedes which may 
be utilized in the catalyst systems of this invention are exemplified by pentamethylcyclopentadienyldi-l-butyiphosphin- 
odlmethyl hafnium: pentamethylcydopentadienyldi-t-bulylphosphinomethylethyl hafnium: cyclopentadienyl-2-melhytbu- 

1$ tOKide dimethyl titanium. . t ui 

To illustrate members of the Group IV B transition metal component, select any combinahon of the species in Tawe 
1 . An example of a bridged spedes would be dimethyisilylcydopentadienyl-l-butylamidodlchloro zirconium: an example 
off an unbridged spedes would be cyclopenladienyldi-l-butylamidodichloro zirconium. 

The alumoxane component of the catalyst system is an oligomeric compound which may be represented by the 

20 general formula (R2-AI-0)„ which is a cydic compound. ormaybeRW-AI-0-)„,-AIR^ which is a linear compound. 
alumoxane is generally a mixture of both the linear and cydic compounds. In the general alumoxane fomiula R . R , 
R^ and r5 are, independently a univalent anionic ligand such as a CrCs alkyi radical, for ©ample, methyl, ethyl, pro- 
pyl, butyl, pentyl or halide and "m" is an integer from 1 to about 50. Most preferably. R^, R^, and R^ are each methyl 
and -m" is at least 4. When an alkyi aluminum halide Is employed in the preparation off alumoxane. one or more of R 

25 5 could be halide. . „ . , 

As is now well known, alumoxanes can be prepared by various procedures. For example, a tnalkyi aluminum may 
be reacted with water, in the form off a moist inert organic solvent: or the trialkyl aluminum may be contacted with a 
hydrated salt, such as hydrated copper sulfate suspended in an inert organic solvent, to yield an alumoxane. Generally, 
however prepared, the reaction of a trialkyl aluminum with a limited amount of water yields a mixture off both the linear 

30 and cyclic spedes of alumoxane. ^ u *u 

Suitable alumoxanes which may be utilized in the catalyst systems of this invention are those prepared by the 
hydrolysis of a alkylaluminum reagent: such as trimethylaluminum. triethyaluminum. tripropylaluminum: triisobutylalumi- 
num. dimethylalumlnumchtoride. diisobutylaluminunrwhlorWe. diethylaluminumchloride, and the like. The most preferred 
alumoxane for use is methylalumoxane (MAO), particularly methyialumoxanes having a reported average degree of oli- 

3S gomerization of from 4 to 25 ("m"=4 to 25) with a range of 1 3 to 25 being most prefen-ed. 



Catalyst System? 

The catalyst system may include an alkyi aluminum and water which may react at least partly with each other 
40 and/or with the metallocene compound outside of a polymerization vessel for what may be a reaction In atu in the 
polymerization vessel. 

The catalyst systems enployed in the method of the invention comprise a complex formed upon admixture off the 
Group IV B transition metal component with an alumoxane component The catalyst system may be prepared by addi- 
tton of the requisite Group IV B transition metal and alumoxane components to an inert solvent In which olefin polym- 

45 erization can be canied out by a solution, slunry or bulk phase pdymerization procedure. 

The catalyst system may be conveniently prepared by pladng the selected Group IV B transition metal component 
and the selected alumoxane component, in any order of addition, in an alkane or aromatic hydrocarbon solvent - pref- 
erably one which is also suitable for service as a polymerization diluent. Where the hydrocarbon solvent utilized Is also 
suitable for use as a polymerization diluent, the catalyst system may be prepared in situ in the polymerization reactor. 

so Alternatively, the catalyst system may be separately prepared, in concentrated form, and added to the polymerization 
diluent in a reactor Or. if desired, the components of the catalyst system may be prepared as separate solutions and 
added to the polymerization diluent in a reactor, in appropriate ratios, as is suitable for a continuous liquid pdymeriza- 
tion reaction procedure. Alkane and aromatic hydrocarbons suitable as solvents for formation of the catalyst system and 
also as a polymerization diluent are exemplified by, but are not necessarily limited to. straight and branched chain 

55 hydrocarbons such as isobutane, butane, pentane, hexane, heptane, octane and the like, cydic and alicyclic hydrocar- 
bons such as cydohexane. cydoheptane. methylcyclohexane, methylcydoheptane and the like, and aromatic and 
alkyl-substltuted aromatic compounds such as benzene, toluene and xylene. Suitable solvents also indude liquid de- 
fins which may act as monomers or comonomers induding ethylene, propylene. 1-butene and 1-hexene. 
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In accordance with this Invention optimum results are generally obtained wherein the Group IV B transition metal 
compound is present in the polymerization diluent in a concentration of from 0.0001 to 1 .0 millimoles/lrter of diluent and 
the alumoxane component Is present in an amount to provide a molar alunrtinum to transition metal ratio of from 1 :1 to 
20,000:1 . Sufficient solvent should be employed so as to provide adequate heat transfer away from the catalyst oom- 

5 ponents during reaction and to permit good mixing. 

The catalyst system ingredients that is. the Group IV B transition metal, the alumoxane. and polymerization dilu- 
ent can be added to the reaction vessel rapidly or slowly. The temperature maintained during the contact of the catalyst 
components can vary widely, such as, for example, from -10" to 300»C. Greater or lesser temperatures can also be 
employed. Preferably, during formation of the catalyst system, the reaction is maintained within a temperature of from 

70 25' to 1 0O^C. most preferably about 25''C. 

At all times, the individual catalyst system components, as well as the catalyst system once formed, are protected 
from oxygen and moisture. Therefore, the reactions are perfomied in an oxygen and moisture free atmosphere and, 
where the catalyst system is recovered separately it is recovered in an oxygen and moisture free atmosphere. Prefera- 
bly, therefore, the reactions are performed In the presence of an inert dry gas such as. for example, helium or nitrogen. 

16 In a preferred embodiment of the process of this Invention the catalyst system is utilized in liquid phase (slurry, solu- 
tion, siepension or bulk phase and combination thereof), high pressure fluid phase or gas phase polymerization of an 
olefin monomer. These processes may be employed singulariy or in series. The liquid phase process comprises the 
steps of contacting an olefin monomer with the catalyst system in a suitable polymerization diluent and reacting said 
monomer in the presence of said catalyst system for a time and at a temperature sufficient to produce a polyolef in of 

20 high nrK)lecular weight. 

The monomer for such process may comprise ethylene In combination with an a-olef in having 3 to 20 carbon atoms 
for the production of an ethylene-a-olef in copolymer. Copolymers of propylene or butene with ethylene and C4 or higher 
a-olef ins and diolef ins can also be prepared. Conditions most preferred for the co-polymerization of ethylene are those 
wherein ethylene is submitted to the reaction zone at pressures of from 1 .3x10"^ bar (0.019 psia) 3445 bar (50.000 psia) 

25 and the reaction temperature is maintained at from -lOO' to 300'C. The aluminum to fransition metal molar ratio is pref- 
erably from 1 :1 to 18,000 to 1 . A preferable range would be 1 :1 to 1000:1 . The reaction time is preferably from 1 min to 
1 hr. Without limiting in any way the scope of the invention, one means for carrying out the process of the present inven- 
tion is as follows: in a stirred-tank reactor liquid 1 -butene monomer is Introduced, The catalyst system is Introduced via 
nozzles in either the vapor or liquid phase. Feed ethylene gas is infroduced either into the vapor phase of the reactor, 

30 or sparged into the liquid phase as Is well known in the art. The reactor contains a liquid phase composed substantially 
of liquid 1 -butene together with dissolved ethylene gas. and a vapor phase containing vapors of all monomers. The 
reactor temperature and pressure may be controlled via reflux of vaporizing a-olefin monomer (autorefrigeration). as 
well as by cooling coils, jackets etc. Tbe polymerization rate is controlled by the concentration of catalyst. The ethylene 
content of the polymer product is determined by Ihe ratio of ethylene to 1-butene in the reactor, which is confrolled by 

35 manipulating the relative feed rates of these components to the reactor. 

Examples 

In the examples which illustrate the practice of the invention the analytical techniques described below were 
40 employed for the analysis of the resulting polyolef in products. Molecular weight determinations for polyolefin products 
were made by Gel Permeation Chromatography (GPC) according to the fr)llowing technique. Molecular weights and 
molecular weight disfributions were measured using a Waters 150 gel permeation chromatograph equipped with a dif- 
ferential refractive index (DRQ detector and a Chromatix (a registered Trade Mark) KMX-6 on-line light scattering pho- 
tometer. The system was used at 135^0 with 1.2.4-trichlorobenzene as the mobile phase. Shodex (a Trade Mark of 
45 Showa Denko America, Inc.) polystyrene gel columns 802. 803. 804 and 805 were used. This technique Is discussed 
in "Liquid Chromatography of Polymers and Related Materials III". J. Cazes editor, Marcel Dekker, 1981 , p. 207 which 
is incorporated herein by reference. No corrections for column spreading were employed; however, data on generally 
accepted standards, e.g. National Bureau of Standards Polyethylene 1484 and anionically produced hydrogenated 
polyisoprenes (an alternating ethylene-propylene copolymer) demonsttated that such corrections on Mw/Mn (= MWD) 
so were less than 0.05 units. Mw/Mn was calculated frt)m elution times. The numerical analyses were performed using the 
commercially available Beckman/CIS customized LALLS software in conjunction with the standard Gel Permeation 
package, run on a HP 1000 computer. , 
The following examples are Intended to illustrate specif fc embodiments of the Invention and are not Intended to limit 
the scope of the invention. 

55 All procedures were perfomied under an inert atmosphere of helium or nitrogen. Solvent choices are often optional, 
for example. In most cases either pentane or 30-60 petroleum ether can be interchanged. The lithialed amides were 
prepared from the corresponding amines and either n-BuU or MeU. Published methods for preparing UHC5Me4 Include 
CM. Fendrick et al. Or ganometallics. i 819 (1984) and F.H. KOhler and K. H. Doll. Z- Natufforsch. 376. 144 (1982). 
Other lithiated substituted cyclopentadienyl compounds are typically prepared from the conresponding cyclopentadienyl 
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ngand and q-BuU or MeU. or by reaction of MeU with the proper f ulvene. ZrCU and Hf CI4 were purchased from either 
AUrich Chemical Coirpany or Cerac. Amines, sllanes and lithium reagents were purchased from Aldnch Chennical 
Company or Petrarch Systems. Methylalumoxane was suppUed by either Sherring or Ethyl Corp. 

5 Examples A-L of Qmuo IV B Transition Metal Components 
Example A 
Compound A: 

Part 1 Me-HCsU (10.0 g. 0.078 mol) was slowly added to a MegSiClz (1 1 .5 ml. 0.095 mol. in 225 ml of tetrahydro- 
furan (thO solution). The solution was stirred for 1 hour to assure complete reaction. The thf solvent was then 
removed via a vacuum to a cold trap held at -Ise'C. Pentane was added to precipitate out the UCI. The mature 
was fiHered through Celite. The solvent was removed from the fiNrate. Me4HC5SIMe2CI (15.34 g. 0.071 mol) was 

IS recovered as a pale yellow liquid. ...^^..^ «m Anii-»™«i 

Part 2 Me4HC5SiMe2CI (10.0 g. 0.047 mol) was slowly added to a suspension of UHN-l-Bu (3.68 g. 0.047 mol, 
-100 ml thf). The mixture was stirred overnight. The thf was then removed via a vacuum to a cold trap held at - 
196«C Petroleum ether (-100 ml) wras added to precipitate out the UQ. The nrtixture was fitered through Celite. 
The solvent was removed from the filtrate. Me2Si(Me4HC5)(HN-l-Bu) (1 1 .14 g. 0.044 moO was isolated as a pale 

20 yoltow liouid 

Part 3. Me2Si(l»«e4HC5)(HN-t-Bu) (11.14g. 0.044 mol) was diluted with -100 ml EtaO. MeU (1.4 M, 64 ml. 0.090 
mol) was slowly added. The mixture was allowed to stir for 1/2 hour after the final addition of MeU. The ether was 
reduced in volume prior to filtering off the product The product. tMe2Si(Me4C5)(N-l-Bu)]U2. was washed with sev- 
eral small portions of ether, then vacuum dried. « , „ ^ « 
2S Part 4. [Me2Si(Me4Cs)(N-i-Bu)lU2 (3.0 g. 0.01 1 mol) was suspended in -150 ml EtzO. ZrCU (2.65 g. 0.01 1 mol) 
was slowly added and the resulting mixture was allowed to sBr overnight The ether was removed via a vacuum to 
a cold trap held at -196»C. Pentane was added to precipitate out the UCI. The mixture was filtered through Celrte 
twice The pemane was signtficantly reduced in volume and the pale yellow solid was filtered off and washed with 



30 



40 



MteSi(Me4C5)(N-i-Bu)ZrCl2 (1.07 g. 0.0026 mole) was recovered. Additional Me2Si(Me4C5)(N-l-Bu)ZrCl2 was 
recovered from the filtrate by repeating the recrystaBizalion procedure. Total yield. 1 .94 g. 0.0047 mol). 



Example B 
95 Compound B: 



The same procedure of Example A for preparing compound A was followed with the exception of the use of HfCU 
in place of ZrCU in Part 4. Thus, when [Me2Si(Me4C5)(N-l-Bu)]U2 (2.13 g. 0.0081 nrol) and HfCU (2-59 g. 0.081 mol) 
were used. Me2Si(Me4C5)(N-t-Bu)HfCl2 (0.98 g. 0.0020 md) was produced. 



Compound C: 

45 Part 1 MeaSiCU (7.5 ml. 0.062 mol) was diluted with -30 ml thf. A I-BUH4C5U solution (7.29 g. 0.056 mol. -100 
ml thf) vras slowly added, and the resulting mixture was allowed to stir overnight. The thf was removed via a vacuum 
to a trap held at -1 ge'C. Pentane was added to precipitate out the UCI. and the mixture was filtered through Celite. 
The pentane was removed from the filtrate leaving behind a pale yellow liquid, t-BuH4CsSiMe2CI (10.4 g. 0.048 

50 Pwt 2 To a thf solution of UHN-l-Bu (3.83g. 0.048 mol. -125 ml). l-BuH4C5SiMe2CI (10.4 g. 0.048 mol) was added 
drop wise The resulting solution was allowed to stir overnight. The thf was removed via a vacuum to a trap held at 
-ige'C Pentane was added to precipitate out the UO. and the mixture was filtered through Celite. The pentane 
was removed from the filtrate leaving behind a pale yellow liquid, Me2Sia-BuH4Cs)(NH-t-Bu) (1 1.4 g. 0.045 mol). 
Part 3. Me2SiQ-BuH4C5)(NH-l-Bu) (11.4 g, 0.045 mol) was diluted with -100 ml EtzO. MeU (1.4 M. 70 ml. 0.098 

& mol) was slowly added. The mixtures was allowed to stir overnight. The ether was removed via a vacuum to a trap 
held at -196»C, leaving behind a pale yettow solid. [Me2Sitt-BuH3C5)(N-l-Bu)]U2 (1 1 .9 g. 0.045 mol). 
Part 4 [Me2Sia-BuH3C5)(N-t-Bu)]U2 (3.39 g. 0.013 mol) was suspended in -100 ml EtjO. Zra4 (3.0 g, 0.01 3 mol) 
was slowly added. The mixture was allowed to stir ovemight The ether was removed and pentane was added to 
precipitate out the UCI. The mixture was filtered through CeUte. The pentane solution was reduced in volume, and 
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the pale tan sotid was filtered off and washed se/eral times with small quantities of pentana The product of empir- 
ical formula Me2Sia-BuH3C5)(N-t-Bu)ZrCl2 (2.43 g, 0.0059 moO was isolated. 
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Example P 
Compound D: 



■me same procedure of Example C for preparing compound C was followed wHh the exception of the use ofHfa4 
in Part 4. Thus, when [MeaSitt-BuHaCsXN-l-BuMUa (3.29 g. 0.012 mol) and HfO* (4.0 g. 0.012 moO were used, the 
product of the ertpirical formula MezSKt-BuHaCsXN-t-Bu)^ (1 .86 g. 0.0037 moO was produced. 



Example E 

Compound E: 



25 



30 



35 



40 



Part 1 MeaSiCI, (7.0 g. 0.054 mol) was diluted with -100 ml of ether. MeaSiCgHjU (5.9 g. 0.041 moO was slowly 
added Approximately 75 ml of thf was added and the mixture was allowed to stir overnight. TTie solvent was 
removed via a vacuum to a cold trap held at -196»C. Pentane was added to preciptete out *e UCI. The morture 
was filtered through Celita The solvent was removed from the filtrate giving Me2Si(Me3SiC5H4)CI (8.1 g. 0.035 



Part 2 Me,SI(Me3SiC5H4)CI (3.96 g. 0.017 moO was diluted with -50 ml of ether. UHN-l-Bu (1.36 g. 0.017 mol) 
was slowly added, and the mixture was allowed to stir overnight. The ether was removed via a vacuum and pentane 
was added to precipitate the UCI. The mixture was filtered through Celite. and the pentane was removed from the 
filtrate. Me2Si(Me3SiC5H4)(NH-l-Bu) (3.7 g, 0.014 moO was isolated as a pale yellow liquid. 
Part 3. MteSi(Me3SiC5H4)(NH-t-Bu) (3.7 g. 0.014 mol) as diluted with ether. MeU (25 ml. 1 .4M in ether. 0.035 mol) 
was slowly added. The mixtur^ was allowed to stir for 1 .5 hours after the final addition of MeU. The ether was 
removed via vacuum producing 4.6 g of a white solid fomtiulated as U2lMe2Si(Me3SiC5H3)(N-l-Bu)] • ZIAB^ and 
unreacted MeU which was not removed from the solid. . ^. „ , , -rw-i /-. n 

Part 4. U,rMe2Si(Me3SIC5H3)(N-l-Bu)l • SMEtzO (1 .44 g, 0.0043 mol) was suspended in -50 ml of ether. ZrCU (1 -0 
o 0 0043 mol) was slowly added and the reaction was allowed to stir for a few hours. The solvent was removed via 
v^m and pentane was added to precipitate the UQ. The mixture was filtered through Celite. and thef iltrate was 
reduced in volume. The flask was placed in the freezer (•40'C) to maximize precipitation of the product The solid 
was filtered off giving 0.273 g of an off white solid. The filtrate was again reduced in volume, the preapitete filtered 
off to give an additional 0.345 g for a total of 0.62 g of the compound with empirical formula Me2SKMe3SiCsH3)(N- 
l-Bu)ZrCl2. The x-ray crystal structure of this product reveals that the compound is dimeric in nature. 



Example F 
Compound F: 



Part 1 Me^HCgSiMeaCI was prepared as described in Example A for the preparation of compound A, Part 1 . 
Part 2 UHNPh (4 6 g. 0.0462 mol) was dissolved in -100 ml of thf. Me4HC5SiMe2CI (10.0 g, 0.0466 mol) was 
slowly added. The mixture was allowed to stir overnight. The thf was removed via a vacuum. Petroleum ether at\d 
toluene were added to precipitate the UCI. and the mixture was filtered through Celita The solvent was removed. 
45 leaving l)ehlnd a dark yellow liquid. Me2Si(Me4HC5)(NHPh) (10.5 g. 0.0387 mol). 

Part 3 Me2Si(Me4HC5)(NHPh) (lO.S.g. 0.0387 mol) was diluted with -60 ml of ether. MeU (1.4 M in ether. 56 ml. 
0 0784 mol) was slowly added and the reaction was allowed to stir overnight. The resulting white solid. 
U2lMe2Sl(Me4C5)(NPh)-3/4Et2O(11.0g).wasfilteredoffandwaswashedwithether. 
Part 4. U2rMe2Si(Me4Cs)(NPh) •3/4Et20 (2.81 g. 0.083 mol) was suspended in -40 ml of ether. ZrCU (1-92 9. 
so 0 0082 mol) was slowly added, and the mixture was allowed to stir overnight. The ether was removed via a vacuum 
and a mixture of petroleum ether and toluene was added to precipitate the UCI. The mixture was filtered through 
Celite the solvent mixture was removed via vacuum, and pentane was added. The mixture was placed in the 
freezer at -40»C to maximize the precipitation of the product The solid was then filtered off and washed with pen- 
tane. Me2Si(Me4C5)(NPh)ZrCl2 • EtgO was recovered as a pale yellow solid (1 .89 g). 
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P«nmplB G 
Compound Q: 



the same procedure of Example F for preparing compound F was followed with the «cepton the use of Hf a4 
inplaceofZrCl^.nPart4.Thus.wlienU2[MeeSi(Me4C5)(NPh)].3/4Efe^ 
mol) were used. Me2Si(Me4C5)(NPh)HfCl2 • ICEtaO (1.70 g) was produced. 



TO 



Example H 
Compound H: 



IS 



45 



60 



Part 1 MePhSiCb (14.9 g. 0.078 mol) was diluted with -250 ml of thf. Me4C5HU (10.0 g. 0.078 moO was slowly 
added' as a solid. The reaction solution was allowed to stir overnight The solvent was removed via a vaaium to a 
cow trap held at -196»C. Petroleum ether was added to precipitate out the UQ. The mixture was filtered through 
Celite,lnd the pentane was removed from the filtrate. MePhSi(Me4C5H)CI (20.8 g. 0.075 mol) was isolated as a 

Sn+b3 M.'28 g. 0.054 mol) was dissolved in -1 00 ml of thf. MePhSi(Me4C5H)a (1 5.0 g . 0.054 moO was 
added drop wise. The yellow solution was allowed to stir overnight The solvent was removed via vacuum. Petro- 

20 leum etheTwas added to precipitate out the UCI. The mixture was filtered through CelHe. and the filtrate was evap- 
orated down. MePhSi(Me4C5H)(NH-t-Bu) (16.6 g. 0.053 mol) was recovered as an «|[«'"f^y.^"^ '"J^f^ . 
Part 3. MePhSI(Me4C5H)(NH-l-Bu) (16.6 g. 0.053 mol) was diluted with -100 ml of ether. MeU (76 rri 0.106 mo . 
1 4 M) was slowly added and the reaction mixture was allowed to sBr for -3 hours. The ether was reduMd in vol- 
ume, and the lithium salt was filtered off and washed with pentane producing 20.0 g of a pale yellow solid fbrmu- 

25 latedasLi2tMePhSI(Me4Cs)(N-l-Bu]«3/4Et20. <aa-,i ^ » o 7rri ^-^ nR 

Part 4. U2lMePhSI(Me4C5)(N-l-Bu)l -SMBaO (5.0 g. 0.0131 mol) was suspended in -100 ml ^^EtaO. ZrC I4 ja06 
g 0 0131 moO was slowly added. The reaction mixturewasallowedtOBlir at roomtemperaturefor -1.5 hou^ 
vJhich time the reaction mixture slightly darkened in color. The solvent was removed via ^ 
petroleum ether and toluene was added. The mixture wasfiltered through Celite to remove the UCI. The filtrate was 

30 evaporated down to near dryness and filtered oH. The off white solid was washed with petroleum ether. The yield 
of product. MePhSi(Me4C5)(N-t-Bu)ZrCl2. was 8.82 0 (0.0081 rtwl). 

Example I 
35 Compound I: 

U2[MePhSi(Me4Cs)(N-l-Bu)l • 3/4Et20 was prepared as described in Example H for the preparation of compound 
H. Parts. 

40 Part 4. U2lMePhSi(Me4C5)(N-t-Bu)l • 3/4Et20 (5.00 g. 0.0131 mol) was suspended in -100 ml of EfeO. HfCU (4.20 
o 0 0131 mol) was slowly added and the reaction mixture was allowed to stir ovemight The solvent was removed 
via vacuum and petroleum ether was added to precipitate out the UCI. The mixture wasfiltered Uirough CeliteJTie 
filtrate was evaporated down to near dryness and filtered off. The off white solid was washed with petroleum ether. 
MePhSi(Me4Cd(N-t-Bu)HfCl2 was recovered (3.54 g. 0.0058 mole). 



Example J 
Compound J: 



MePhSi(Me4C5)(N-J-Bu)HfMe2 was prepared tv adding a stoichiometric amount of MeU (1.4 M in ether) to 
MePhSi(Me4C5)(N-l-Bu)HfCl2 suspended in ettier. The white solid could be isolated in near quantitative yield. 



Example K 
55 Compound K : 



Part 1 MeaCsSiMezClwaspreparedasdescribedinExampleAforlhepreparaBonofcompoundA. Parti 

Part 2 Me4C5SiMe2Cl (10.0 g, 0.047 mol) was diluted with -25 ml EtaO. UHNCsH4-p-n-Bu-1/10Et2O (7.57 g. 

0 047 mol) was added slowly The mixture was allowed to stir for -3 hours. The solvent was removed via vacuum. 
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Petroleum ether was added to precipHate out the UCI. and the mixture wasf Wered through Celite. "me solvent was 
remotrad leaving behind an orange viscous liquid. Me2Si(Me4C5H)(HNC6H4-p-a-Bu) (12.7 g, 0.039 mol). 
Part 3. Me2Si(Me4C5H)(HNC6H4^Hl.Bu) (12.7 g. 0.039 mol) was diluted with -50 ml of B^O. ^teU (1.4 M. 55 rrt. 
0 077 mol) was slowly added. The mixture was allowed to stir tor -3 hours. The product wasfiltered off and washed 

5 WithEt20producingU2[Me2Si(Me4C5)(NC6H4i>D-Bu)]-3/4Et20a8-awhite60lid(13J O.O.OMm^ 

Part 4. Li2[Me2Si(Me4C5)(NC6H4-p-D-Bu)] • SMEtgO (3.45 g. 0.0087 rtx>l) was suspended m -50 ml of EfeO. ZrCU 
(2.0 g. COOSemol) was slowly added and the mixture was allowed to stir overnight. The ether was removed via vac- 
uum, and petroleum ether was added to precipitate out the UCI. The mixture was filtered through Cebte. The f iNrate 
was evaporated to dryness to give a yellow solid which was recrystallized from pentane and identified as 

10 Me2Si(Me4Cs)(NC6H4lHl-Bu)ZrCl2 • 2J3,B^ (4.2 g). 

Example L 
Compound L- 

U2tMe2Si(Me4C5)(NC6H4-p-a-Bu)l • SMEtzO was prepared as described in Example K for the preparation of com- 
pound K, Part 3. 

Part 4. Li2(iy/le2Si(Me4C5)(NC6H4-p-Q-Bu) • 3/4Et20(3.77 g, 0.0095 mol)l vvas stspended in 
(3 0 g. 0.00W mol) was slowly added as a solid and the mixture was allowed to stir overnight The ether was 
remw^ via vacuum and petroleum ether was added to precipitate out the UCI. The mixture was fitered through 
Celite Petroleum ether was removed via a vacuum giving an off whfte solid which was recrystallized from pentane. 
The product was identified as Me2Si(Me4C5)(NC6H4-p-a-Bu)Hfa2 (1.54 g. 0.0027 mol). 

as Examples 5-1 1 . 22. 24. 26. 28. 31 , 33. 35-37 are examples of copolymerization of the invention. Examples 1-4. 12- 
21 , 23. 25, 27. 29. 30. 32. 34 are illustrative examples of homopolymerization 

Example 1 

30 Polymerization • Conmound A 

The polymerization nin was pertonned in a 1-liter autoclave reactor equipped with a paddle sUrrer. an extemal 
water jactet for temperature control, a regulated supply of dry nitrogen, ethylene, propylene. 1 -butene and hexane. and 
a septum inlet for introduction of other solvents, transition metal compound and alumocane solutions. The «^ 
35 dried and degassed thoroughly prior to use. A typical mn consisted of injecting 400 ml of toluene. 6 ml of1.5 M MAD. 
and 0.23 mg of compound A (0.2 ml of a 1 1 .5 mg in 10 ml of toluene solution) into the reactor. The feacto^ ^^n 
heated to 80«C and the ethylene (60 psO was introduced into the system. The polymerization reaction was limited to 30 
minutes. The reaction was ceased by rapidly cooling and venting the system. The solvent was eraporaled off of the pol- 
ymer by a stream of nitrogen. Polyethylene was recovered (9.2 g. MW = 257.200. MWD = 2.275). 



20 



40 



Example 2 

Polvmerization • Compound A 

The polymerization was carried out as in Example 1 with the following changes: 300 ml of toluene. 3 ml of 1 .5 M 
MAO, and 0.1 15 mg of compound A (0.1 ml of a 1 1 .5 mg in 10 ml of toluene solution). Polyethylene was recovered (3.8 
g. MW = 359.800. MWD = 2.425). 

pp|ynnpri>atinn . Compound A 

The polymerization was carried out as in Example 2 using the identical concentrations. The difference inwlved m^^ 
ning the reaction at 40'C rather than 80°C as in the previous example. Polyethylene was recovered (2.4 g, MW - 
55 635,000. MWD - 3.44^. 
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PBlvmerizaHon - Compound A 



The polymerization was carried out as in Example 1 except for the use of 300 ml of hexane in place of 400 ml of 
toluene. Polyethylene was recovered (5.4 g. tWIW = 212,600. MWD = 2.849). 



10 Pnlymerization ■ nomnound A 



1S 



Using the same reactor design and general procedure as in Example 1 , 300 ml of toluene. 200 ml of propylene. 6.0 
ml of 1 5 M MAO. and 0.46 mg of compound A (0.4 ml of a 1 1 .5 mg in 10 ml of toluene solution) was mttoduced into the 
reacto^ The reactor was heated to 80«C. the ethylene was added 4.1 3 bar (60 psi). and the reaction was allowed to run 
for 30 minutes, followed by rapidly cooling and venting the system. After evaporation of the solvent. 13.3 g of an ethyl- 
eneDropyiene copolymer was recovered (MW - 24.900. MWD = 2.027. 73.5 SCB/1000C by IR). 



Example 6 
20 Polymerizatio n ■ Compound A 



The polymerization was carried out as in Example 5 except with the following changes: 200 ml of toluene and 0^92 
mg of compound A (0.8 ml of a 1 1.5 mg inIO ml of toluene solulion). The reaction tempeialure w^a"* 'Educed to 
M-C Z JttvleneiKopylene copolymer was recovered (6.0 g. MW = 83.100. MWD = 2.370. 75.7 SCB/1000C by IR). 



25 



Example? 

Pnlvmerizatin n - Compound A 

30 Using the same reactor design and general procedure as in Exanrple 1 , 150 ml of toluene. 100 ml of 1 -butene, 6.0 
ml of 1 5 M MAO and 2.3 mg of compound A (2.0 mi of a 1 1 .5 mg in 1 0 ml of toluene solution) were added to the reac- 
tor The reactor was heated at 50'C. the ethylene was introduced 4.48 bar (65 psO. and the reaction was allowed to run 
for 30 minutes, fbllowed by rapidly cooling and venting the system. After evaporation of the toluene 25>J g of an ethyl- 
ene^)utene copolymer was recovered (MW = 184.500. MWD = 3.424. 23.5 SCB/1000C by ^^C NMR and 21.5 

35 SCB/IOOOCby IR).. 

Examples 

PfflYmgP^"*'"" ■ Conipound A 

The polymerization was carried out as in Example 7 except with the following changes: 100 ml of ^lue^e and 150 
ml of 1 butene. An ethylene^DUtene copolymer was recovered (30.2 g. MW = 1 43.500. MWD 3.097. 30.8 SCB/1000C 
by ^^C NMR and 26.5 SCB/1000C by IR). 



40 



45 Example 9 

Pfllyrppriyfltinn - Compound A 

The polymerization was carried out as in Example 7 except with the following changes: 200 ml of toluene, 8-0 ml of 
so 1.0 M MAD. and 50 ml of 1 -butene. An ethylene-butene copolymer was recovered (24.9 g, MW = 163,200, MWD « 
3.290. 23.3 SCB/1000C by ^^C NMR and 18.9 SCB/1000C by IR). 

gyanple 10 

55 Polymerizatio n - Compound A 

The polymerization was carried out as In Example 9 except for the replacement of 200 ml of toluene with 200 ml of 
hexane. An ethylene-butene copolymer was recovered{1^^^ 
NMR and 12.7 SCB/1000C by IR). 
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Example 11 

PolvmeriTatio n - Ronmound A 

The polymerization was carried out as in ExatrplelOexceptwfththe^^^^ 
ml of 1-butene. An elhylene4)utene copolymer was recovered (16.0 g. MW = 1 16.200. MWD = 3.158. 19.2 SCB/1000C 
by NMR and 19.4 SCB/1000C by IR). 

Sample 12 

Polymerizati nn ■ nomoound A 

Usina the same reactor design and general procedure already described. 400 ml of toluene. 5.0 ml of 1 .ID M MAO. 
andormlofa^^t^conjound?solut>on(11.5mgofoompo^^^ 

To Soi we^e^ed to theTctor. The reactor was heated to 80-C. the ethylene was .nUoduced (60 p^. and me 
r€«c!on allowed to run for 30 n^nutes. followed by rapidly cooling and venting the system. After evaporabon of the 
solvent. 3.4 g of polyethylene was recovered (MW - 285.000. MWD o 2.808). 

Example 13 

Polvmerizj ^tinn - Compound A 

A polymerization was carried out as in Example 12 with exception of aging the preacBvated compoimd A solution 
by one day. Polyethylene was recovered (2.0 g. MW - 260.700. MWD - 2.738). 

Example 14 

Polymerizatio n - Compound A 

Using the same reactor design and general procedure alreadydescribed. 400 mloftoluene^^ 
andr2rSlrtapreactivatedcon?,oundAsolution(11.5mgofcompou^ 

To M NSoTiTrelddS into the reactor. The reactor was heated to 80-C. the ethylene was .nttoduced 4.13 bax^ 
Isn and^elSSirvSallowedtorunfo^ 

oration of the solvent. 1.1 g of polyethylene was recovered (MW = 479.600. MWD = 3.130). 
Example 15 

Pnlvmerizatj^n . Cnmnound A 

using the same reactordesign and general procedure «'^««dyde«>ribed.4(K) ml of toluene a«^ 
tivated compound A solution (1 1 .5 mg of compound A dissolved in 9.5 ml of toluene and 0.5 m^ of 1 .0 M MAO) were 
aSed into me reactor. The reactor was heatedtoSO-C. the ettiylene was introduced 4.13bar (60 psM 
^"kwedtorun tor 30 minutes, followed by rapidly cooling and venting the system. Alter ev 

1 .6 g of polyethylene was recovered (MW = 458.800. MWD = 2.037). 
Example 16 

p^^lVpnariraHnn ■ Compound A 



60 



Usina the aeneral procedure already described. 400 ml of toluene. 5.0 ml of 1 .0 M MAO. 0.23 mg of compound A 
(0.2S'a^ .'5^Tl!?;rtoluenes^lution)w« 

ntroduced 27.6 bJ (400 psi). and the reaction was aUowed to run tor 30 minutes. Wtowed by ^^^^^Z SS' 
ing the system. After evapoiatton of the solvent. 19.4 g of polyethylene was recovered (MW = 343.700. MWD - 3.674). 
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Pxample 17 

PolMmerization ■ Conmound A 

The polymerization was performed in a stirred 100 ml stainless steel autoclave which was ^"^If ed toperfwm 
polymerizations at pressures up to 40.000 psi and temperatures up to300»C. The reactor was purged wrth nrtrogen and 
heated to 160'C. Compound A and alumoxane solutions were prepared in separate vials. A stock so^iAon was pre- 
pared by dissolvino 26 mg of compound A in 100 ml of toluena The compound A solution was preparol by d""*" "9 OJ 
SI stoSsolSion wSh 5.0 X toluene. The alum<s«ne solulion consisted of 2.0 ml of a 4% MAO soluton aAled 
to 5 0 ml of toluene. The compound A solution was added to the alumoxane solution, then 0.43 ml of the rrii^ so^iAons 
were transferred by nitrogen pressure into a constant-volume injection tube. The autoclave was pressurized wrth ethyl- 
ene to 1784 bar and was stirred at 1500 rpm. The mixed solutions were injected into the stirred reactor with exc«s 
pressure, at which timeatemperature rise of 4'C was obsen/ed. TTie temperature and presaj^^ 
ucnTsly for 120 seconds, at which time the contents of the autoclave were rapidly vented into a recemng vessel The 
reactor was washed with xylene to recover any additional polymer remainiiig *nthin. Th^e v«fih.ngs vjjj"^'"?! 
with the polymer released when the autoclave was vented to yield 0.7 g of polyethylene (MW = 245.500. MWD = 2.257). 



Example 18 
so Polvmarizali nn - Compound B 



Using the general procedure described in Example 1. 400 ml of toluene. 5.0 ml of 1.0 M MAO and 0.278 mg im- 
pound B (0 2 ml of a 13.9 mg in io ml of toluene solution) was added to the reactor. The reactor WM headed to 80 C 
and the ethylene 4.13 bar (60 psi) was introduced into the system. The polymerization reaction ^^sj-^^to^^ 
utes The reaction was ceased by rapidly cooling and venting the system. The solvent was evaporated off the polymer 
by a stream of nitrogen. Polyethylene was recovered (9.6 g. MW = 241 .200. MWD - 2.628). 



Example 19 
30 Polvmerizat ion - Compound C 



35 



Using the general procedures desaibed in Example 1. 300 ml of toluene. 4.0 ml of 1.0 M MAO and 0.46 mg com- 
pound C (0.4 ml of a 1 1 .5 mg in 10 ml of toluene solution) was added to the reactor. The reactor was heated to 80 0 
and the ethylene 4.13 bar (60 psi) was introduced into the system The polymerization reaction J''"*^^ 
utes THe reaction was ceased by rapidly cooling and venting the system. The solvent was evaporated off the polymer 
by a stream of nitrogen. Polyethylene was recovered (1.7 g. MW - 278.400. MWD - 2.142). 



40 PolymerizatiQn - Cnmoound D 



45 



Using the general procedure described in Example 1. 400 ml of toluene. 5.0 ml of 1.0 M MAO and 0.278 mg com- 
pound D (0 2 ml of a 13.9 mg in 10 ml of toluene solution) was added to the reactor. The reactor was heated to 80 C 
and the ethylene 4.13 bar (60 psi) was introduced into the system. The polymerization reaction was limrted to 30 min- 
utes Tlie reaction was ceased by rapidly cooling and venting the system. The solvent was evaporated off the polymer 
by a stream of nitrogen. Polyethylene was recovered (1.9 g. MW = 229.700. MWD = 2.618). 



Example 21 
50 Prilvmerizafioo • Compound E 



Using the general procedure described in Example 1 . 300 ml of hexane. 9.0 ml of 1 .0 M MAO and 0.24 mg com- 
pound E (0 2 ml of a 12.0 mg in 10 ml of toluene solution) was added to the reactor. The reactor was heated to 80 C 
and the ethylene 4.13 bar (60 psi) was introduced into the system. The polymerization reaclion was liniited to 30 min- 
utes The reaction was ceased by rapidly cooling and venting the system. The solvent was evaporated off the polymer 
by a stream of nitrogen. Polyethylene was recovered (2.2 g. MW = 258.200. MWD = 2.348). 
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Example 22 

PftlvmflTii^*'"" • Compound E 

The polymerization was carried out as in Example 1 with the following reactor conterits: 200 ^"ene 1 00 ml 
I^Hitenft 9.rml of 1.0 M MAO and 2.4 mg of compound E (2.0 ml of a 12.0 mg .n 10 ml ^luene «JJ«n) at 50 C. 
The reactor was pressurized with ethylene 4.48 bar (65 psi). and the reaction was allowed to run for 30 m.rurt^l- 
toleJlTrapidly «»ling and venting the system. After evaporation of the solvent 1.8 g of an ethylene^utene copoly- 
mer was recovered (MW o 323.600. IWIWD = 2.463. 33.5 SCB/1000C by IR technique). 

Emmpla23 

Polymerization - ConnnQund F 

The polymerization was carried out as in Example 1 with the following reactor <»«'«o^^ ""'f^luwe JOj^ 
of 1 0 M MAO 0.242 mg of compound F (0.2 ml of a 12.1 mg in 10 ml of toluene solution). 80»C. 4.13 bar (60 psi) eth- 
ylene. 30 minxes. The run provided 5.3 g of polyethylene (MW = 319.900. MWD = 2.477). 

Example 24 
Polvmerizatin p • Compound F 

The polymerization was carried out as in Examplel with thefbllowing reactor condifio^^ ^*'"''l**^*S?;r°!!2 
of14xitene.9.0mld1.0MMAO.2.42mgofcompoundF{2.0mlofa12.1mg.n10mloftolue^^^^ 
2S bar (65 psi) ethylene. 30 minutes. The run provided 3.5 g of an ethylene*utene copolymer (MW = 251 .300. MWD - 
3.341 . 33.28 SCB/1000C by IR technique). 

Example 25 

30 PolvmarizatioP - Cnmnound G 

The polymerization was carried out as in Example 1 with the following reactor <^°^'^J^^^^'^^J.°J^* 
of 1 0 M MAO. 0.29 mg of compound G (0.2 ml of a 14.5 mg in 10 ml of toluene solution). 80'C. 4.13 bar (60 psi) eth- 
ylene. 30 minutes. The run provided 3.5 g of polyethylene (MW = 237.300. MWD = 2.54$). 



to 



IS 



20 



35 



40 



pxamde 26 

Pnlvmarization - C amoound G 

The polymerization was carried out in Example 1 with thefollowing reactor conditions: 150 ml of toluene 100 ml^ 
1-butene/7.0 ml of 1 .0 M MAO. 2.9 mg of compound G (2.0 ml of a 14.5 mg in 10 ml of to'"ene foluton) «) C^48 
bar (65 psi) ethylene. 30 minutes. The run provided 7.0 g of an ethylene-butene copolymer (MW = 425.000. MWD = 
2.816. 27.11 SCB/1000C by IR technique). 

45 Example 27 

PftlymftrliTf'*'"" • Cnmnound H 

The polymerization was carried out as in Example 1 with the following reactor "J °! 

of 1 0 M MAO. 0266 mg of conpound H {02 ml of a 13.3 mg inio ml of toluene solution), 80'C. 4.13 bar (60 psi) eth- 
ylene. 30 minutes. The run provided 1 1 .1 g of polyethylene (MW - 299.800. MWD - 2.569). 



50 



Exanrple28 
55 Polymerizat ion - Compound H 



The polymerization was carried out as in Example 1 with the following reactor conditions: 150 ml of toluene 100 ml 
of 1 -butene. 7.0 ml of 1 .0 M MAO. 2.66 mg of compound H (2.0 ml of a 13.3 mg in 10 ml of toluene soluton). 50 C. 4.48 
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bar (65 psi) ethylene. 30 minutes. The run provided 15.4 g of an ethylene-butene copolymer (MW = 286.600. MWD = 
2.980. 45.44 SCB/IOOOC by IR technique). 



5 



10 



Example 29 

Polymerizatio n - Compound I 

The polymerization was carried out as in Example 1 with the following reactor conditions: 400 ml of toluene. 5.0ml 
of 1 0 MAO and 0.34 mg of compound 1 (0.2 ml of a 17.0 mg in 10 ml of toluene solution) was added to the reactor. TTie 
reactor was heated to 80«C. the ethylene was introduced (60 psQ. and the reaction was allowed to run for 30 minut^ 
followed by rapidly cooling and venting the system. After evaporation of the solvent. 0.9 g of polyethylene was recovered 
(MW o 377,000. MWD = 1.996). 



Example 30 

15 

polvmftnyatinn ■ Compound J 

The polymerization was carried out as in Example 1 with the following reactor conditions: 400 ml of toluene, 5.0 
of 1 0 M MAO. 0.318 mg of compound J (0.2 ml of a 15.9 mg in 10 ml of toluene solution), 80«C, 60 psi ethylene. 
20 minutes. The run provided 8.6 g of polyethylene (MW = 321.000. MWD = 2.803), 



Example 31 



Polymerization - Compound J 

The polymerization was carried out as in Example 1 with the following reactor conditions: 150 ml of toluene. 10O ml 
of 1-butene. 7,0 ml of 1.0 M MAO. 3.18 mg of Compound J (2.0 ml of a 15.9 mg in 10 ml of toluene solution). SO^C. 4^48 
bar (65 psi) ethylene. 30 minutes. The run provided 1 1 .2 g of an ethylene-bulene copolymer (MW « 224,800, MWD = 
2.512. 49.57 SCB/IOOOC by IR technique, 55.4 SCB/IOOOC by NMR technique). 



Polvmerization - Compound K 

The polymerization was carried out as in Example 1 with the following reactor conditons: 300 ml of toluene, 5.0 
of 1 0 M MAO. 0.272 mg of compound K (0.2 ml of a 13.6 mg in 10 ml of toluene solution). 80»C. 4.48 bar (60 psi) e 
ytene, 30 mimites. The run provided 26.6 g of polyethylene (MW = 187.300. MWD = 2.401), 



40 



faampiggg 

Polymerization - Compound K 



The polymerization was carried out as in Example 1 with the following reactor conditions: 150 ml of toluene. 100 ml 
of 1 -butene 7 0 ml of 1 .0 M MAO. 2.72 mg of compound K (2.0 ml of a 13.6 mg in 10 ml of toluene solution). 50»a 4.48 
45 bar (65 psi) ethylene. 30 minutes. The run provided 3.9 g of an ethylene-butene copolymer (MW = 207,600. MWD = 
2.394, 33.89 SCB/IOOOC by IR technkfue). 



Example 34 
so Polvmerization - Compound L 

The polymerization was carried out as in Example 1 with the following reactor conditions: 400 ml of toluene. 5.0 ml 
of 1 .0 M MAO. 0.322 mg of compound L (0.2 ml of a 16.1 mg In 10 ml of toluene solution). 80'C. 4.13 bar (60 psi) eth- 
ylene. 30 minutes. The run provided 15.5 g of polyethylene (MW o 174.300. MWD « 2.193). 
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Example 35 

pi^^lymerigfltion - Compound A 

The polymerization was carried out as in Example 1 with the following reactor contents: 2?0 ml o» ^lu®^^^^ 
of VheS^if 7.0 ml of 1.0 M MAO and 2.3 mg of compound A (2.0 ml of a 11.5 mg .n 10 mi o toluene sduto^^^ 50 
C Thereac^r was pressurized with ethylene 4.48 bar (65 psi) . and the reaction was allowed to run for 30 minut^fol- 
fowX S^r^^^^^^ and venting thTsystem. After evaporation of the soh^ent. 26.5 g of an ethylene-hexene copol- 
ymer was recovered (MW = 222.800. MWD = 3.373. 39.1 SCB/1000C by IR technique). 

Exanmle 36 

Polvmerizq tiPn - f'^mnound A 

The polymerization was carried out as in Example 1 with the tollo<^r,g reactor '^^■^^"^''^^l 
of 1 -octene. 7.0 ml of 1 .0 M MAO arKi 2.3 mg of compound A (2.0 mi of a 1 1 .5 mg .n 0 ml toluene soluho^ at SO 
C The reacior was pressurized with ethylene 4.48 bar (65 psO. and the reachon was allowed to run tor 30rninUffiJo^- 
LX ^i cooiing and venting the system. After evaporation of ^^^^^^^ 
merwaswc«ered(WW-548.600.l^ = 3.007J6.5SCB/1000Ctv"CNM^ 

Example 37 

F>olymeriz ;ntinn ■ nnnmound A 

The polymerization was carried out as in Example 1 with the following reactor contents: 300 nil of toluene. 100 ml 
ofdri>Jiadiene.7.0mld1.0MMAOarKl2.3moofcompoundA(2.0mlofa11.5mg.n10^ 

at S- a The reactor was pressurized with ethylene 4.48 bar (65 psO. f-^ ^^^^^f"" ^l^^^ ^T^^ 

utes. followed b, rapidly cooling and verting the system. After »«poralion of the solvert. 13^ g an ettv^eneHaBrl.4. 

hSdTene Spolymer was recovered (MW = 163.400, MWD = 2.388. 2.2 mole% detemimed by "C NMR). 

T^ll Z^mJ^^Sttie polymerLtion conditions employed and the properties obtained in ttie product polymers 
as set forth in Examples 1-37 above. 
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K may be seen that the requirement for the alumoxane component can be greatly diminished by premixing the cat- 
alystwmithealumaxaneprlortoin»iationofthepolymerization{seeExamples12through15). 

By appropriate selection of (1) the Group IV B transition metal component for use in the catalyst system; (2) me 
type and amount of alumoxane used; (3) the polymerization dHuent type and volume: and (4) reaction temperature: (5) 
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reaction pressure, one may tailor the product polymer to the weight average molecular weight value desired while still 
maintaining the molecular weight di8tril)u1ion to a value below ebouX 4.0. 

The preferred polymerization diluents for practice of the process of the invention are aromatic diluents, such as tol- 
uene, or alkanes. such as hexane. . J , ^..^...M.b»4.»lir.n 

5 The resins that are prepared in accordance with this invention can be used to make a vanety of products including 
films and fibers. 

Claims 

»o 1 . A process for olefin polymerization, comprising polymerizing ethylene and a monomer selected from Cg-Cao a-ole- 
fin or a C5-C20 diolefin in the presence of a catalyst system comprising (A) a compound of the general formula: 

(CH R) 

5 5-y-x r 
IS / 
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K / \q 



or 



40 



45 



SO 



M M B 



(JR' )^ (C RJ 

wherein M is Zr, Hf or Ti; n . . • « < o o >i c 

(CsHs. „ ,RJ is a cydopentadienyl ring wWch is substituted with from zero to f we groups R. x is 0. 1 . 2. 3. 4 or 5 
denrting the degree of substitution, and each R is. independently, a radical selected from a group consisting of C,- 
Con hydrocaibyl radicals, substituted Ci-Cao hydrocaibyl radicals wherein one or more hydrogen atoms is replaMd 
by a halogen atom, C,-C2o hydrocarbyl-subslHuted metalloid radicals wherein the metalloid is selected from the 
Group IVA of the Periodic Table of Elements and halogen radicals; 

(JR, , v) is a heteroatom ligand in which J is an element with a coordination number of three from Group VA or an 
eler^errt with a coordination number of two from Group VIA of the Periodic Table of Elements, each R' is, independ- 
ently, a radical selected from a group consisting of Ci-Cm hydrocaibyl radicals, substituted C1-C20 hydrocarbjrt rad- 
icals wherein one or more hydrogen atoms is replaced by a halogen atom, and Y is the coordinabon number of 

each QaiS Q- is. independently, halogen, hydride or a substituted or unsubstituted C1-C20 hydrocarbyl, alkoxide. 
aryloxide. amide, arytemide. phosphide or arylphosphideprovided that where Q or Q' is a hydrocaitvl s"* Q or Q' 
is different from CgHs.,. A or both Q and Q' together are an alkylidene or cydometallated hydrocarbyl and IWI has 

the same meaning as M; . . ^ ■ ■ 

"y- is 0 on when w is greater than 0 . y is 1 when w is 0. when Y is 1 . B is a covalent bndging group containing a 

Group IVA or VA element; and 

L is a neutral Lewis base where "w" denotes a number from 0 to 3 and 
55 (B) an alumoxane 

with the exclusions of: 

I) polymerizing ethylene and vinyl aromatic monomer; and 
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ii) where the compound (A) is (N-t-buty1amino){dimethyO{n^-2.3.4.5-tetramethylcyd^^ zirco- 
nium dicWoride, polymerizing ethylene and l-hexene or 4-methyl-1-pentena 

2. A process according to claim 1 which is a liquid phase polymerization. 

3. A process according to claim 2 wherein ethylene is submitted to a reaction zone at pressures of from 1 .S.KT^ bar 
to 3445 bar and a reaction temperature from -100*C to 300* C. 

4. A process according to claim 1 where the a-olef in is 1 -butene or 1 -octene. 

5. A process according to claim 1 or claim 4 in which the alumoxane is methylalumoxane having an average degree 
of oligomerization of from 4 to 25. 

6. A process according to any of the preceding claims in which the resulting polymer has an Mw/Mn of from 1 .5 to 
IS 15.0. 

7. A process according to any of the preceding claims in which the resulting polymer has a weight average molecular 
weight of from 1000 to 5 million. 

20 8. Use of a compound of the general fornruila: 

(CH R) 



so 



_ Mr— Q 

z-1-y 



or 

(JR' , ) ^ (C H R ) 

z-1-y ^ 5 5-y-x x' 



so whereinMisZr. Hf orTi; ^ « « - ^ 

(C5H5.y.xRx) is a cyclopentadienyl ring which is substituted with from zero to five groups R. V is 0, 1. 2. 3, 4 or 5 
denoting the degree of substitution, and each R is. independently, a radical selected from a group consisting of Cy 
C20 hydrocarbyl radicals, substituted Ci -C20 hydrocarbyi radicals wherein one or more hydrogen atoms is replaced 
by a halogen atom. 0^020 hydrocarbyl-substituted metalloid radicals wherein the metalloid is selected from the 

55 Group IVA of the Periodic Table of Elements and halogen radicals; 

(JR* 1 v) is a heteroatom ligand in which J is an element with a coordination number of three from Group VA or an 
elern'errt with a coordination number of two from Group VIA of the Periodic Table of Elements, each R' is. independ- 
ently, a radical selected from a group consisting of OyCzo hydrocarbyl radicals, substituted Ci-Cao hydrocart>yl rad- 
icals wherein one or more hydrogen atoms is replaced by a halogen atom, and "z" is the coordination number of 
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MCh qS a is. independently, halogen, hydride or a substituted or unsubstituted CrCzo hydroca^ 
a^oxide.arnide.arylarnide. phosphide or arylphosphide provided that whereQ^ 

is different from CsHsyxRx or both Q and Q' together are an alkylidene or cyclometallated hydrocatbyl and M has 

YteZ T!Z heater than 0: y is 1 when w is 0. when "y" is 1 . B is a oovalenl bridging group cor*aining a 
Group IVA or VA element: and 

L Is a neutral Lewis base where ^v" denotes a number from 0 to 3 r Hinirfin 

in the olefin polymerization of ethylene and a monomer selected from Ca-Czo a-olefin or a CgrCzo ^olefin 
10 with the exclusions of: 

i) polymerizing ethylene and vinyl aromatic monomer: and ^ . ^ ^ ^. A^ i^^^ ,ir^ 

ii) where the compound (A) is (N-t-butylamino){dimethyO(n^-2,3.4,5.tetramethylcydopentadie^^^ zirco- 
nium dichloride. polymerizing ethylene and Vhexene or 4-methyl-1-pentene. 

9. The use as claimed in claim 8 in a liquid phase polymerisation. 

10 The use as claimed in claim 9 in a liquid phase polymerisation wherein ethylene is submitted to a reaction zone at 
pressures of from 1 .3.10-3 bar to 3445 bar and a reaction temperature from -100-C to 300 C. 



PatentansprOche 

1. Verfahren zur Olefinpolymerisation. bei dem Ethylen und ein Monomer ausgewahit aus C3- *^^f20-a-OI Jin 
einem C5- bis Cgo-Diolef in in Gegenwart eines Katalysalorsystems polymensiert werden. das (A) eine Verbindung 
25 mit der allgemeinen Formel 



30 By M^- Q 




(JR' , ) 

z-i-y 
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so In der M Zr. Hf Oder Ti 1st: 



55 



iC^H^. .R J ein Cyclopentadlenylring ist. der mit null bis fOnf Gruppen R subslituiert ist. 0. 1 . 2. 3. 4 oder 5 ist 
und den Substitutionsgrad bedeutet und jedes R iewells unabh^^^^ 

hend aus d- bis Cao-Kohlenwasseretoffresten. substituierten Cy bis Cso-Kbhlenwasserstoffreslen. in denen em 
Wasserstoffatom oder mehrere Wasserstoffatome durch ein Halogenatom ersetzt Ist/^nd. Cr bis Cao-tohtenwas- 
serstoffsubstituierten Metalloidresten. In denen das Metalloid ausgewfthlt ist aus der Gruppe IV Ades Penodensy- 
stems der Elemente, und Halogenresten 1st: . ^ . x/a 

(JR' , ein Heteroatomligand tet. in dem J ein Element mit einer Koordinationszahl von dre. aus der Gr^e V A 
Oder dn Element m'rt einer Koordinationszahl von zwei aus der Gruppe VI 

Ist. jedes R' jeweils unabhSngig ein Rest ausgewahit aus einer Gruppe bestehend aus Cy bis Cao-Kbhlenwasser- 
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stoffresten und substituierten bis Cao-Kohlenwasserstoffresten. in denen f 

Wasirstoftetomedurch ein Halogenatom ersetzt worden istfeind. und Vdie Kbordinahonszahl des Elementes J 

|2es Q und Q' jeweils unabhfingig Halogen. Hydrid Oder ein subslitiierter oder ^^^^^^'^^^ M^^^^^e^ 
lenwasserstoff Alkoxid. Aryioxid. Amid. Arylamid. Phosphid oder Arylphosphid ist. mitder Ma^Qabe^^a» «^^»!: 
a vS^CshA, unterscheidet. wenn Q oder Q' ein Kohlenwasserstoff ist. oder beide Qu^^^ 
z^mmen ein Alkyliden^^ cydometallierter Kohlenwasserstoff sind. und M' die gleiche Bedeutung w,e M hat, 
"^To ^eM isrwenn w grtiBer als 0 ist; y gleich 1 ist. wenn w gleich 0 ist: wenn Y gleich 1 ist. B e,ne tova- 
lente BrOckengruppe ist, die ein Qruppe IV A oder V A Element enthftft, und 
L eine neutrale Lewisbase ist. wobei "w* eine Zahl von 0 bis 3 bedeutet 
und (B) ein Alumoxan umfaBt, 
unter AusschluB 

0) einer Polymerisation von Ethylen und vinylaromatischem Monomer und / amm ♦ r. 

Si) einer Polymerisation von Ethylen und 1 -Hexen oder 4-MethyMi)enten. wenn die Verbindung (A) (N-t-Butyi- 
amino)(dimethyl)(n^-2,3.4,5-tetramethyicyclopertadienyOsilanzirtoniumdichlorW 

2. Verfahren nach Anspruch 1 . das eine FlQssigphasenpolymerisation ist. 

3. VerfahrennachAnspruch2.beidemEthylenbeiDr0ckenvon1.3x10'3barbis3445barunde^^^^^ 
peratur von -100 "C bis 300 in eine ReaWionszone gefOhrt wird. 

4. Verfahren nach Anspruch 1 , bei dem das a-Olef in 1 -Buten oder 1 -Octen ist. 

5. Verfahren nach Anspruch 1 oder Anspruch 4. bei dem das Alumoxan Methylalumoxan mit einem durchschnittlichen 
Oligomerisierungsgrad von 4 bis 25 ist. 

6. Verfahren nach einem der vorhergehenden AnsprQche. bei dem das resuftlerende Polymer ein M^„ von 1 .5 bis 
15.0 hat. 

7. Verfahren nach einem der vorhergehenden AnsprQche. bei dem das resultierende Polymer ein durchschnitlliches 
Molekutergewicht (QewichtsmitteO von 1 000 bis 5 000 000 hat. 

8. Venwendung einer Verbindung mit der allgemeinen Formel 



Lw 




(JR' , ) 

Oder 




in der M Zr, Hf oder Ti ist; 
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ein Cyclopertadienylring ist. der mft null bis fOnf Gruppen R substltulert irt. x" 0. . 2. 3. 4 ode^S ist 
uiderSb^ltutior«^ad bedeutet und jedes R Jewells unabhangig ein Rest ausgewahit aus emer G™PPe bes^ 
^TJcy bis CsoSShlenwassemloffresten. substltuierten C,- bis Cao-Kohlenwasserstoffr^en. denen e.n 
vSeSoffltom Oder mehrere WasserstoHatome durch ein Haloflenatom ««« '^^^'^Vv L^^ptlS"- 
sSfsubstituierten Metalloidresten Jn denen das Metalld^ 

ei^ Bement mH ein* Kbortinationszahl von zwei aus der Gruppe VI A des Pencdens|^^^ 
S iedes R- ieweils unabhflngig ein Rest ausgewflhlt aus einer Qnippe bestehend aus Cy b'sCzo-Kohlenwa^er 
S£n ursubs^tuieJ 1. bis Cao-Kohlenwa^^ 

Wasserstoffatome durch ein Halcgenatom ersetet worden istfeind. und "z" die Kbordinatonszahl des Elementes J 

i^es Q und Q' jeweils unabhangig Halogen. Hydrid oder ein substituierter oder unsuteWuierter Cr bis C2o-|^h- 
SSienrtoff. Xlkoxid. ArylQxid. Amid. Arylamid. Phosphid Oder ArylphosphW ist j^^^ ^I^J^^'^f ^^'^^^^^^ 
sTooder Q- von C5H5.' Rx unterscheldet. wenn Q oder Q" ein KohlenwasserstoW .st. oder beule Q und Q 
z—n °n /MkylidInX ^cydomemllierter Kbhlenwa«e«toff 'j;'*^^? ^^^^^^ 

"y- gleich 0 Oder 1 ist. wenn w grOBer als 0 ist; y gleich 1 ist. wenn w gleich 0 i8t: wenn y" gleich 1 ist. B eine Kova 
lente BiOctengruppe ist. die ein Gruppe IV A oder V A Element enthaft. und 

L eine neuhaleLewisbase ist. wobei'w" eine Zahl von Obis 3 bedeutet. ^ i.. o 

zur ShSTsItiorvon Ethylen und einem Monomer ausgewahit aus 63- bis C^o-Olelin oder einem C5- b.s C^o- 
DIoiefin unter AusschluB von 

(i) einer Polymerisation von Ethylen und vinylaromatischem Monomer und /m . B,rt«i 

i einer Polymerisation von Ethylen und 1-Hexen oder 4-Methyl-1 -penten, wenn die Vertiindung (A) (N4-Butyl- 
amino)(dimethyl)(n5.2.3.4.5-tetramethylcyclopentadienyl)silanzirkoniunfKlichlori^ 

9. VenwendungnachAnspruchSineinerROssigphasenpolymerisation. 

10. Venwendung nach Anspoich 9 in einer Flussigphasenpolymerisation. bei der Ethylen bei ^^f^^^^^'' 
bar bis 3445 bar und einer Reaktionstempeiaturvon-lOO -CbisSOO 'Cn eine ReaWranszonegefflhrtwiid. 

RevendleaMons 

1. Proc6d6 pour la polym6risag1ion d'ol6fines. comprenant la polymerisation tf6thyl6ne et ^^j^^ 
entreunea.ol6fineenC3dC2oetunediol«ineenC5&C2oeripr68enced'unetomiute^ 

nant 
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(A) un oomposd de formute g6n6rale : 




danslaquelleMrepr6senteZr. HfouTi; , x • d -v" 

(C5H5.V xR J repr6sente un noyau cydopentadi^nyle qui est 8ubstitu6 avec zero a cinq groupes R, x 
est 6gat k 0, 1 , 2, 3. 4 ou 5 et d6signe le degr6 de substitution, et cheque groupe R reprteente, Ind6pendam- 
ment. un radical choisi dans le groupe consistent en radicaux hydrocarbyie en Ci k C20. radicaux hydrocarbyle 
en Ci k C20 substitufe dans lesquels un ou plusieurs atomes d'hydrog^ne sont remplac6s par des atomes 
d'halog^nes, radicaux mtolloTdiques ^ substituants hydrocarbyle en k C20. dans lesquels le m6talloTde est 
choisi dans le groupe IVA du Tableau P6riodique des EI6merts. et radicaux halog6no ; 

(JR'z i.y) repr6sente un ligand h6t6roatomique dans lequel J d6signe un 6l6ment ayant un indice de 
coordination ^gal k trois faisant partie du Groupe VA ou un 6l6ment ayant un indice de coordination 6gai k 
deuxfeisanlpartiedu Groupe VIAdu Tableau P6riodique des Elements, cheque groupe R' repr6sente, ind6- 
pendamment. un radical choisi dans le groupe consistent en radicaux hydrocarbyle en Ci k C20. radicaux 
hydrocarbyle en Ci k C20 substitu6s dans lesquels un ou plusieurs atomes d'hydrog6ne sont remplacte par 
des atomes d'halog6nes, et "Z" repr6sente Tindice de coordination de r6l6ment J ; 

chacun des groupes Q et Q* reprteente. ind6pendammenl, un halog6ne, un hydrure ou un radical 
hydrocarbyle en k C20 6ubstitu6 ou non substitu6, alcooiate, aryloxyde. amide, aryiamide. phosphure ou 
arylphosphure. sous r6sen^e que, lorsque Q ou Q' represents un groupe hydrocarbyie, un tel groupe Q ou Q' 
80it different de C5H5.y.xRx. ou Q et Q* repr6sentent conjointement un groupe alkylid6ne ou un groupe hydro- 
carbyle cyclom61all6 et M' r6pond k la m§me definition que M ; 

Y est 6gal 6 0 ou 1 lorsque w est superieur ft 0. y est 6gal e 1 lorsque w est 6gal k 0 : lorsque Y est 
egal k^,B represents un groupe de pontage covalent contenant un element du Groupe IVA ou VA ; et 

L represents une base neutre de Lewis dont I'indice "w" designs un nombre de 0 6 3 ; et 
(B) un alumoxane 



avec ies exclusions suivantes : 



i) la polymerisation de rethyiene et d'un monom6re aromatique vinylique ; et 

II) lorsque le compose (A) consists en dichlorure de (N-tertio-butylamino)(dim6thyi)(Ti^-2.3.4,5-tetramethylcy- 
clopentadi6nyI)silane-zirconium. la polymerisation de rethyiene et du 1-h6x6ne ou du 4-methyl-1-pentene. 

Procede suivant la ro/endication 1 , qui est un proc6d6 de polymerteation en phase liquide. 
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3. Proc6d6 Buivant la rwendication 2, dans lequel r6thyl6ne est soumis k une zone r6actlonnelle k des pressions de 
1 .3.10-3 bars k 3445 bare et k une temp6rature r6actionnelle de -100'C k 300«C. 

4. Proc6d6 suivant la revendication 1 . dans lequel ra-ol6fine consists en 1-but6ne ou 1-oct6na 

5. Proc6d6 suivant la revendication 1 ou la revendication 4. dans lequel Palumoxane consists en un m6thyla!umoxane 
ayant un degr6 moyen d'oligonri6risation de 4 6 25. 

6. Proc6d6 suivant Tune quelconque des revendications pr6c6dertes, dans lequel le polym6re rteultant a un rapport 
Mw/Mnde 1.5 ^15.0. 

7. ProcM6 suhmrt IVne quelconque des revendications pr6c6dentes. dans lequel le polymfere r6suitant a une 
moyenne pond6rale du poids mol6culaire de 1000 ^ 5 millions. 

8. Utilisation d'un compost de fbrmule g^n^rale : 

(CH R) 

/ "-^^ 



y 



ou 



B, 



(JR' ) 

^ 2-l.y 



B 

y 



dans laquelle M repr6sente Zr. Hf ou Ti. ^ . ■ 

{CsHs.«.,Rx) reprfeente un noyau cyclopentadi6nyle qui est sub8titu6 avec 26ro k cinq groupes R. X" est 
6aal ft 0 1 2 3 4 ou 5 et dteigne le degr6 de substitution, et cheque groupe R reprfisente. Ind6pendammerrt. un 
^ical c'hoisi'd^s le groupe consislant en radicaux hydrocarbyle en C, k Cm. radicaux hydrocarbyle en C, & ^ 
substitute dans lesquels un ou plusieurs atomes d-hydrogfene sont remplac6s par des atomes d ha^ogfenes, radi- 
caux m6talloIdiques k substituants hydrocaAyle en Ci k C20. dans lesquels le m«alloTde est choisi dans le groupe 
IVA du Tableau P6riodique des EI6ments,et radicaux halog6no ; . ^. ^ ^ 

(JR', 1 J reprteente un ligand h6t6roalomique dans lequel J dfeigne un 6l6ment ayant un indice de coordi- 
nation ^al Vtrois laisant partie du Groupe VA ou un 6l6ment ayant un indice de coordination 6gal k deux faisant 
partie du Qroupe VIA du Tableau PWodique des E16ments. cheque groupe R' reprfeente. ind6pendamment. un 
radical choisi dans le groupe oonsistant en radicaux hydrocarbyle en d ft C20. radicaux hydrooarbirte en C, 6 C» 
substitute dans lesquels un ou plusieurs atomes d'hydrogftne sont remplacfe par des atomes d'halogdnos. et z 
reordsente I'indice do coordination de I'6l6ment J ; 

ohacun des groupes Q et Q' repr6sente. ind6pendamment un halogftne. un hydrure ou un radical hydrocar- 
byle en C, A Czo substitu6 ou non substitu6. alcoolate, aryloxyde. amide, arylamide. phosphure ou arylphosphure. 
sous rteerve que. lorsque Q ou Q' reprteente un groupe hydrocarbyle. un tel groupe Q ou a sort d'«6rent deC Hg^^ 
y.xRx, ou Q et Q' reprteentent conjointement un groupe alkylidftne ou un groupe hydrocarbyle cyctom6taH6 et M 

rfeond k la mfeme definition que M ; . x ■ x « . - ^oi 

Y est 6gal a 0ou1lorsquewestsup6rieur ft 0. Test 6galftl lorsque west6galftO:torsque'V est6gal 
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^ 1 B reprfeente un groupe de pontage covalent contenant un 6l6ment du Qroupe I VA ou VA ; et 
L reprfeente une base neutre de Lewis dont Tindice "w" dteigne un nombre de 0 6 3 ; 



10 



IS 



. represents 
avec les exclusions suivantes : 

1^ la DOlvm6risation de r6thyi6ne et un monomfere aromatique vinyllque ; et 

HjioS^e SSpos6 (A) consists en dichlorure de (N-tertio^amlno)(dim6thyl)(n^-2.3 A^^^^ 

clopertadi6nyl)silane-zlrcomum. la polym6rlsation de r6thyl6ne et du 1-h6x6ne ou du 4^n6thy|.1.pent6ne. 

9. Utilisation suivant la revendicalion 8 dans une polym6risation en phase liqulde, 

1 0. Utilisation suivant la revendication 9 dans une polymerisation en phase liqulde fans laquelle de WSllSif h« 
rrris ^ une zone r6actlonnelle k des pressions de 1 ,3. IQ-^ bars k 3445 bars et d une temp6ralure r6actionneIle de 
-100«C^300«C. 
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